Purpose: To detect any improvement of awareness in prolonged disorders of consciousness in the long term.
INTRODUCTION
Severe disorders of consciousness (DOC) which include vegetative state (VS) and minimally conscious state (MCS) are known to have a very poor clinical outcome and despite extensive research are still poorly understood. [1] [2] [3] [4] VS is characterized by complete lack of awareness of the self and the environment, accompanied by sleepwake cycles with either complete or partial preservation of hypothalamic and brain stem autonomic functions 5 . The diagnosis of MCS is based on the presence of minimal but definite behavioural evidence of self or environmental awareness on clinical assessment 6 . In MCS behavioural responses are characteristically inconsistent and often subtle; hence patients require repeated assessments by experienced clinicians to differentiate MCS from VS. When DOC lasts more than one month it is defined as Prolonged Disorders of Consciousness (PDOC).
Several research studies have shown that it is possible to detect the presence of covert awareness/ consciousness in such patients, by utilizing advanced electrophysiological methods and/or advanced functional neuroimaging techniques in cases where clinical assessments are unable to detect any behavioural sign of awareness. [7] [8] [9] [10] [11] Despite these promising developments within severe DOC brain research, currently the diagnosis of VS and MCS is made on clinical grounds. Although limited and inconsistent, patients with MCS may demonstrate agency and, on rare occasions, may be able to communicate their choices and opinions with respect to their basic treatment and care. Therefore, the distinction between VS and MCS has important ethical implications for the patient, their family and carers, medical, nursing and therapy staff and for wider society especially where withdrawal of clinically assisted nutrition and hydration is considered.
National Clinical Guidelines on Prolonged Disorders of Consciousness 2 state that vegetative state may be classified as a 'permanent VS' if it has persisted for more than six months following non-traumatic brain injury and more than one year following traumatic brain injury as after these time points recovery is deemed 'highly improbable'.
Our current knowledge of long-term outcome in severe DOC is incomplete largely because once a diagnosis is made, patients are discharged to diverse care settings and their follow up rarely extends beyond 12 months after brain injury. 1, 12, 13 A recent study examined the long-term prognosis (for a mean of 25.7 months from onset of brain injury) in 50 patients with VS. This study reported that late recovery was detected in 25% of the patients; suggesting that late recovery of responsiveness may occur more frequently than previously appreciated. 14 The study also demonstrated a higher chance of recovery in the post-anoxic brain injury sub-group (21.4%) than in earlier published studies which were in the form of case reports. [15] [16] [17] [18] [19] [20] [21] Luauté et al.
showed that a third of patients in MCS with mixed aetiologies improved more than 1 year post ictus. 22 In this study however, Glasgow Outcome Scale was used as main outcome measure with no specific attention to improvement of awareness/ responses to given stimuli . We wished to add to the small but growing body of knowledge on the long-term prognosis of PDOC. We specifically wanted to focus on detecting changes in in awareness which can be detected only with structured and detailed assessments and otherwise may be unnoticed. The clinical setting of our unit gave us the unique opportunity to investigate outcomes in PDOC patients many years and even decades after the original ictus.
METHODS
The study was conducted in a long term care setting specializing in management and care of patients with profound brain injuries. The patients were given regular sensory stimulation provided in sensory rooms and were exposed to art and music therapy sessions as well as to regular social events. The number of residents in the long term care setting is around 140 and 55 of these had diagnosis of DOC and 34 of these patients received their initial assessments and rehabilitation at our rehabilitation unit where Sensory Modality Assessment Rehabilitation Technique (SMART) assessment is most commonly used to diagnose DOC. SMART Although recommended as a good practice, regular and formal re-assessment of PDOC patients is not routinely and widely carried out in the United Kingdom.
Following discharge to long term care setting, our patients were monitored closely by clinicians who are experienced in care of people with disorders of consciousness and no apparent recovery of awareness was reported. Nevertheless, due to lack of regular and formal re-assessments subtle changes or improvements masked by aphasia and/or severe motor weakness may have gone unnoticed.
The patients were in a stable medical condition. Case notes of all the patients with a disorder of consciousness were screened and the following features were considered as exclusion criteria: disorders of consciousness secondary to neurodegenerative illnesses; patients who did not have an initial formal assessment of consciousness using validated assessment techniques (SMART± Coma Recovery Scale-Revised (CRS-R) or Wessex Head Injury Matrix) and, patients with severe pathologies independent from the brain injury such as advanced cancer.
The eligibility criteria for this cohort study were that patients: had a diagnosis of VS or MCS established by using SMART assessment, as it was the validated assessment tool most often used in our cohort ± another validated assessment tool; had a brain injury secondary to acquired and non-progressive neurological illness; and, were medically stable at the time of re-assessment. The flow chart in Figure 1 shows the selection criteria for the follow up study.
We documented a range of demographic variables (age and sex), cause of brain injury (e.g. traumatic, anoxic, subarachnoid haemorrhage, ischaemic stroke), time from brain injury to initial SMART assessment, the initial SMART assessment outcome, time from brain injury to follow up assessment, time between first SMART assessment and the follow up assessment and the outcome of the follow up assessment.
All the patients were re-assessed 2 to 16 years after the initial DOC diagnosis by two clinicians who were experienced in clinical assessments of patients with disorders of consciousness. The assessments were undertaken in a quiet, well lit room while patients were in the sitting position. The main outcome measure was recovery of awareness/ responsiveness according to the clinical criteria for MCS and for emergence from MCS, assessed with CRS-R. 24 The SMART and CRS-R apply similar stimuli and specify the method of application, to exclude extraneous variables. CRS-R was chosen as the method of re-assessment as it is a quick and reliable assessment tool for screening purposes. 25 CRS-R includes all the modalities of the SMART assessment with the exclusion of the gustatory and olfactory sensory stimulation techniques. Another difference between SMART and CRS-R is that, CRS-R uses a mirror to assess visual tracking, whereas SMART uses a moving person and a picture of a baby. On the other hand, both tools assess visual tracking in both horizontal and vertical planes. As it was shown that assessment of visual pursuit with mirror is superior to with moving person or object 26, 27 ; SMART assessment proformas were examined in detail and all additional behaviours which suggested MCS were recorded.
Two clinicians were present during CRS-R assessments. One of the investigators (SD or AK) was not involved in the initial review of case notes and was blinded to the initial diagnosis of the patients. Due to resource constraints, we were not able to have two blinded examiners at the same time however, CRS-R scoring sheets were only completed upon consensus of both clinicians on patients' responses during the assessment. In a few occasions where there was disagreement between the assessors on the responses elicited, the CRS-R scores were recorded for the lower assessment.
For example, if one of the clinicians did not agree on the presence of a consistent movement to command, this was scored as "not present". The results of the re-assessment using CRS-R showed that all patients remained severely disabled. However, 32% of the patients showed improvement of awareness with development of more complex responses than they had during initial 
DISCUSSION
This study shows that late improvements in awareness are not exceptional in nontraumatic VS and MCS patients, regardless of age. Previous studies have reported better outcomes in traumatic VS patients than in our study. However, our study included only four traumatic VS patients and two traumatic MCS patients. The improvement rate was 33% within this subgroup but it is not possible to comment further on how aetiology differentially affects outcome due to the small subgroup sample size. The most significant finding of the present study is that approximately a third of patients in late phase of recovery from severe brain injury showed measurable improvements in their level of awareness. These changes were found in both VS and MCS patients including patients who suffered from non-traumatic brain injuries.
The main methodological difference between this study and previously published work is that all patients included in our study were initially diagnosed at the attached specialist brain injury rehabilitation unit by highly experienced clinical staff using at least two different validated assessment techniques (SMART, WHIM 28 ). In our study, the timeline between the brain injury and re-assessment using CRS-R varied between 2 and 16 years. In comparison to previous studies this is an 
